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Presentation Overview

• MEASUREMENTSYSTEMREQUIREM,ZNTS

q CAPABILITIESOFFSABLOCKV JPLLAPSSSYSTEM

• CONCERNSRELATINGTO a.-SILICONMEASUREMFNTS

• LAPSSSYSTEMIMPROVEMENTSADDRESSINGTHECONCERNS

• OBSERVATIONSOFEXISTINGLAPSSSYSTEtA

• CONCLUSIONSANDRECOMMENDATIONS

Measurement System Requirements

• DATAACQUISITION

• HIGHRESOLUTIONANDLINEARITYOFMEASUREMENTS ..:,

• VOLTAGEANDCURRENTMEASUREMENTSTRACEABLETONBS

• LONG-TERMREPEATABILITYOFMEASUREMENTS

• DEVICEMEASUREMENTSINDEPENDENTOFLEADRESISTANCE ,i
i

• MINIMAL APPLICATIONOFBIASVOLTAGETODEVICE I

• SIMULTANEOUSMEASUREMENTOFREF.CELLANDDEVICE

• ACQUIRETRUEDEVICEI-V CURVESHAPE

• DATACORRECTIONTODESIREDTEMPERATUREAND IN1 NSITY
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MeasurementSystemRequirements(Cont'd)

,= • LIGHTSOURCE

• HIGH STABILITYOF INTENSITYLEVEL

• LONG-TERMSTABILITYOFSPECTRALIRRADIANCEDISTRIBUTION

• CLOSEMATCHOFSPECTRALIRRADIANCEDISTRIBUTIONTOTHEDESIRED
ASTME 892 AMt.5 GLOBALSPECTRUM

• LOWNON'UNIFORMITYOFIRRADIANCEATTESTPLANE

• MINIMAL HEATINGOFDEVICE

• REFERENCEDEVICE

• FASTRESPONSETIMEANDSTABLEOUTPUT

• SPECTRALRESPONSESIMILARTODEVICE

: • CALIBRATIONDIRECTLYTRACEABLETOSUNLIGHTMEASUREMENT_USING
ACCEPTABLEASTMMETHOD

FSA BlockV JPLLAPSSSyctem Capabilities

• DATAACQUISITION

• EXCELLENTLINEARITYANDIMPROVEDRESOLUTION

• FULLSCALEACCURACYOF±0.1%TRACEABLETONBS

• IMPROVEDLONG'TERMREPEATABILITY,STD.DEV._ 1.0_

• 4-TERMINALCONNECTIONSTODEVICE

• REF.CELLANDDEVICEOUTPUTMEASUREDSIMULTANEOUSLYEVERY20/_ SEC
DURINGLAMPFLASH

• DEVICEI-V CURVESHAPEVERIFIABLEUSINGFIXEDLOADDURINGLAMPFLASH

• DATACORRECTEDTODESIREDTEMPERATUREAND INTENSITYUSING
PREDETERMINEDDEVICETEMPERATURECOEFFICIENTS

• ADJUSTABLEREVERSEBIAS FORTRUEI SCMEASUREMENT t
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FSA Block V JPL LAPSS System Capabilities (Cont'd)

• LIGHTSOURCE

:.[ • LAPSS INTENSITYSTABLETO _.5_,WITHOUTCORRECTION
• INSIGNIFICANTCHANGE INLAPSS SPECTRALIRRADIANCEDISTR,BUTION

i THROUGHOUTLAMPLIFETIME

• NON-UNIFORMITYOFIRRADIANCEIS_± 1%OVERA4 x 6 FTTEST
PLANEAREA

• SIGNIFICANTLYSUPERIORTOA CLASSA SIMULATORRATINGAS DEFINED
BYASTME 92"/

• INSIGNIFICANTHEATINGOFTESTDEVICESDUETOSHORTPERIODOF
; ILLUMINATION

; • OPTICALLYFILTEREDLAPSS SPECTRALIRRADIANCECLOSETO DESIRED
ASTME 891AM1.5 DIRECTSPECTRUM

• REFERENCECELL

• FASTRESPONSE,STABLECRYSTALLINESILICONCELL

• SPECTRALRESPONSESUFFICIENTLYSIMILARTOALLCRYSTALLINE
SILiCONEDEVICES

• CALIBRATIONPERFORMEDINDIRECTNORMAL SUNLIGHTUSING
PROPOSEDASTM METHOD

Concerns Relating to Amorphous-Silicon Measurements

• POSSIBLEDEVICEDAMAGEFROMEXCESSIVEBIASAPPLIEDDURINGLAPSS
SYSTEMTESTING

• POSSIBLETEMPORARYSOFTENINGOFI-V CURVEKNEEDUETOLENGTHYAPPLICATION
OFFORWARDBIAS

• STABILITYANDRESPONSETIMEOFREFERENCECELL

• SPECTRALRESPONSEOFREFERENCECELL

• SPECTRALIRRADIANCEDISTRIBUrlONOFLAPSS
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Improvements in the LAPSS System
that Addresses the Concerns

• NEGATIVEBIASLIMIED TO0.7VOLTSWITHAPROTECTIVEDIODE

• POSITIVEBIASOFUPTO15VOLTSPRESENTDURINGSTAND-BYPERIODELIMINATED
: BYCHANGINGPROCEDURE

• FASTRESPONSE,STABLECRYSTALLINESILICONDEVICECONTINUEDAS REFERENCECELL

• REFERENCECELLNOW HASBUILT-INIRFILTERTOPROVIDECLOSEMATCHTOTYPICAL
c -SILICONDEVICES

• SPECTRALIRRADIANCEDISTRIBUTIONOFLAPSSOPTICALLYFILTEREDFORCLOSE
MATCHTOASTM E 892AMI.5GLOBALSPECTRUM

Observations of Existing LAPSS System

• PROVIDESRELIABLEANDREPEATABLEMEASUREMENTSOFa-SILICONDEVICEOUTPUT

• INTERNATIONALCOMPARISONOFc-SILICONREFERENCECELLCALIBRATIONSHOWS
JPLAND6 OTHERSWITHIN2.0_ STANDARDDEVIATIONOFTHEAVERAGEANDJPL
MEASUREMENTSNEARLYTHESAMEASSEVEPALPARTICIPANTS

• OBTAINEDLIMITEDTEJVtPERATURECOEFFICIEN[MEASUREMENTSONSEVERALa-SILICON
MODULESUSINGTHELAPSS

• NEWI-R FILTEREDREFERENCECELLHASLOWSPECTRALMISMATCHTOAVARIETYOF
a -SILICONDEVICES

• OCCASIONALDIFFICULTYCONTACTINGa-S ILICONCOUPONSWITHPROBESWHEN
TESTINGWITHLAPSS

• MOST(z-SILICONI-V CURVESSHOWA2 TO5%SOFTENINGOFKNEEATP'AX_v,

494

1987006957-484



• . , _ MODULE AND RELIABILITY TECHNOLOGY

_: International Comparison of Measurements
of Amorphous-Silicon Reference Cell

4,

_tt''

t, CELL NO. MEASUREMENT= (RATIO FROM AVERAGE

1 1.022 1.018 1.005 0.992 1.005 0.983 0.975
r

'_ 2 1.039 1.018 1,009 0.996 0.970 0.983 0.983

3 1.027 1.019 1..011 0.994 0.994 0.977 0.977
;o
• - =st

AVERAGE 1.029 1.018 1.008 0.994 0.990 0.981 0.978

Temperature Coefficients of Amorphous-Silicon Modules
(17 to 32°C)

I COEFF E COEFF K COEFF P COEFF

MODULE TYPE (#A/cm2/°C) (#V/CELL/°C) (m_/cm2/°C) (%/°C)

ARCO GENESIS 100 5.5 -2672 -186 -0.15 ,

SOVONICS TANDEM 8.2 -5216 -637 0

SOLAREX 7.2 -4356 -183 -3.14 '
,t
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MODULE AND RELIABILITY TECHNOLOGY '
' Spectral Mismatch Parameters of Hypothetical Amorphous-Silicon Devices

Versus JPL Pseudo Amorphous-Silicon Reference Cell
' (JPL Global Filtered LAPSS Versus Proposed New ASTM E 892 Spectrum)

4_

WAVELENGTHS FOR
50% RESPONSE

HYPOTHETICAL SPECTRAL
CELL UV IR MISMATCH

i_(_ 1 340 nm "to 680 nm 0.9991

2 360 nm TO 680 nin 0.9993

3 380 nm TO 680 nm 0.9998

4 380 nm TO 700 nm 0.9992

5 380nm TO 720nm 0.9988

Conclusions and Recommendations

e THEVARIANCEAMONGPARTICIPANTSIN INTERNATIONALCALlBRATIONCOMPARISON
NEEDSTOBEINVESTIGATED

• PRIMARYGLOBALCALIBRATIONOFREFERENCECELLSIS NEEDED

• SINGLE-POINTLOADTESTALWAYSREQUIREDFORFINDINGTRUEPMAX

• MULTIPLE-FLASHWITHSEGMENTEDI-V DATAMAYBEDESIRABLE

• MORERELIABLEPROBECONTACTINGMETHbDFORa-SILICONCOUPONSORUSEONLY
DIRECTLYBONDED/SOLDEREDCONNECTIONS

• THEPRESENTJPLLAPSSSYSTEMAPPEARSTOBETHEMOSTDESIRABLESYSTEMFOR
OBTAININGACCURATEMEASUREMENTSONa-SILICONMODULESOFALLSIZES
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